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A growing body of work on emotion-cognition interactions has revealed both facilitative
and disruptive effects of emotion on working memory in younger adults. These differing
effects may vary by the goal relevancy of emotion within a task. Additionally, it is
possible that these emotional effects would be larger for older adults, considering findings
of preserved emotional processing with age. To test these hypotheses, the current
study examined the effects of emotional content and aging on working memory for
target information in the presence of distraction. Thirty-six younger (ages 18–29) and
36 older adults (ages 65–87) completed a delayed-response working memory task.
Participants viewed two target words intermixed with two distracter words, and then
judged whether a subsequently presented probe word was one of the target words.
The emotional content (valence and arousal) of targets and distracters was systematically
manipulated. Results indicated that emotional targets facilitated working memory in both
age groups. In contrast, emotional distracters disrupted performance. Negative distracters
were particularly disruptive for older adults, but younger adults did not show an emotional
interference effect. These findings help clarify discrepancies in the literature and contribute
to the sparse research on emotional working memory in older adults.
Keywords: aging, emotions, working memory, goal relevance, distraction, interference resolution
INTRODUCTION
The ability to successfully complete a task—such as
driving—requires focused attention on task-relevant infor-
mation, like traffic lights, and limited attention to task-irrelevant
distraction, such as roadside advertisements. Similarly, successful
working memory performance consists of briefly maintaining
relevant target information while ignoring interference from
irrelevant distraction. Research suggests that working memory
declines with normal aging, resulting in slower and less accurate
responses in older adults (e.g., Rypma and D’Esposito, 2000;
Gazzaley et al., 2005). According to the inhibitory deficit theory,
age-related deficits in inhibition—the ability to avoid or remove
distracting information from working memory—reduces the
ability to focus attention on task-relevant information, thus
lowering overall working memory performance (i.e., slower
and/or less accurate responses) (Hasher and Zacks, 1988). In
contrast to this decline, processing of emotional information
is preserved in old age (see Scheibe and Carstensen, 2010 for
a review). A body of research suggests a tendency for older
adults to attend to, and remember, positive information relative
to neutral and negative information, termed an age-related
“positivity effect” (Mather and Carstensen, 2005; see Reed and
Carstensen, 2012 for a review). Several theories have been pro-
posed to account for this age-related preference toward positive
information (Murphy and Isaacowitz, 2008 for a meta-analysis
that did not find evidence of this preference). According to the
socioemotional selectivity theory (Carstensen et al., 1999), the
preserved emotional processing and functioning in old age is due
to a motivational shift toward emotional regulation goals (i.e.,
achieving positive affect) as a result of increasingly limited time
horizons with age. The dynamic integration theory (Labouvie-
Vief, 2003) proposes that older adults increasingly prefer positive
over negative information, due to greater cognitive demands
required to process the latter. Taken together, these findings raise
an important question: how is working memory influenced by
emotional information in older adults? Specifically, would older
adults’ preserved emotional processing lead to working memory
enhancements or would it further impair performance?
Some insights into these questions can be gained from a
theory about working memory and emotion interactions: the
dual-competition model (DCM; Pessoa, 2008, 2009). This model
states that biases toward emotional information influence the
allocation of processing resources. When emotional information
is relevant to a task goal, performance is facilitated due to the
additional resources that are recruited for emotional process-
ing. However, this bias toward emotional information can be
impairing if it conflicts with a task goal, thus depleting resources
needed for executive control processes in working memory, as
in the case of task-irrelevant emotional information (e.g., emo-
tional distracter items). Thus, DCM predicts that working mem-
ory performance will be disrupted in the face of task-irrelevant
emotional information. The DCM can be used to interpret
the results of studies that have examined emotional working
memory in both older and younger adults. For example, one
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study compared maintenance of affective (emotional intensity
of emotional images) vs. visual information (brightness inten-
sity of neutral images) over a delay period with both younger
and older adults (Mikels et al., 2005). Results revealed an age-
related working memory deficit for visual maintenance, but no
such deficit was found for maintenance of emotional inten-
sity. Interestingly, older adults actually outperformed younger
adults on trials where positive affect was maintained. In contrast,
younger adults performed better on negative relative to positive
trials. These results suggest that older adults’ preserved emotional
processing—of positive information, in particular—can offset
their working memory declines, resulting in maintained or even
enhanced performance. Similarly, another study by Mammarella
et al. (2013a) found that age-related deficits in working memory
were reduced when the task contained emotional information.
This study examined performance on an operation span task
in which participants maintained a set of neutral or emotional
target words in working memory while performing math opera-
tions. Results indicated larger age differences for neutral words,
but reduced or eliminated age differences for positive and nega-
tive words, respectively. A similar study also found better working
memory performance for positive and negative words, relative
to neutral words, in older adults (Mammarella et al., 2013b).
Such findings also extend to paradigms using emotional pictures.
Borg et al. (2011) compared performance on two working mem-
ory tasks with emotional pictures in younger and older adults.
In the first task, participants were shown two negative and two
neutral pictures, presented sequentially. The task was to main-
tain these four target pictures during a delay, after which a probe
picture appeared. Participants had to indicate whether this probe
was an old (i.e., from the target set) or a new picture they had
not seen before. For both age groups, accuracy on this task
was better when target stimuli were negative vs. neutral. Taken
together, these findings showed little age differences in emo-
tional working memory, suggesting that performance on task-
relevant emotional information is relatively preserved in older
adults.
It should be noted that previous studies have primarily focused
on analyzing the effect of emotional task-relevant information—
little attention has been paid to the potential effects of task-
irrelevant emotional information. The few existing studies have
been primarily conducted with younger adults. In one such
study, it was found that emotional distracters presented during
a delay period can impair younger adults’ working memory per-
formance for target items (e.g., Dolcos and McCarthy, 2006). It
is unknown whether detrimental effects of emotion would be
found or perhaps magnified for older adults. The second work-
ing memory task in Borg et al. (2011) sheds a light on this. In
this task, participants were asked to bind four target pictures
(negative or neutral) with their respective presentation locations
and then identify whether a subsequently presented probe picture
was presented in its original location. Results revealed no emo-
tional effects on younger adults’ performance. However, older
adults performed worse for negative vs. neutral pictures. It was
interpreted that resources devoted to processing negative infor-
mation may have limited the availability of resources needed
for effortful processing in working memory (i.e., binding) in
older adults. Thus, the emotional aspects of the negative pic-
tures may have diverted resources away from the primary binding
task. However, another study did not find any effects of emo-
tional pictures on a 2-back task (which consists of both target
and distracter items) in older adults (Döhnel et al., 2008). Thus,
it remains unclear when emotional information hinders older
adults’ working memory.
The current study took a novel approach to directly exam-
ine whether the effects of emotional content vary depending
on the goal-relevancy of the emotional content. Examining the
effect of emotional distracters is particularly important consid-
ering findings that older adults’ working memory deficits are
due to a specific decline in the inhibition of distracters, rather
than the ability to attend to and maintain goal-relevant content
(Gazzaley et al., 2005). In the current study, we modified the
delayed-response working memory paradigm used by Gazzaley
et al. (2005) in which both targets and distracters were pre-
sented within amemorandum set. Younger and older participants
viewed four sequentially presented words: two were cued as tar-
gets and two were cued as distracters, by different colored fonts.
After a delay, a probe word (could be a target, a distracter, or a
new control probe) appeared. Participants’ task was to indicate
whether this probe was a word that was cued as a target from
the current memorandum set. For some trials, targets were emo-
tional words presented with neutral distracter words; for others,
targets were neutral and distracters were emotional. These tri-
als were compared to trials where both targets and distracters
were neutral words, to evaluate the emotional effect of task-
relevant (i.e., targets) vs. task-irrelevant (i.e., distracter) informa-
tion. The critical manipulation was the emotional content—as
indexed by both the valence (positive, negative, neutral) and
arousal (high vs. low)—of targets and distracters. Arousal was
manipulated in this study given the evidence of distinct neural
networks involved in processing arousing vs. valenced informa-
tion (Kensinger and Corkin, 2004) and differential effects of low
vs. high arousal valenced information (Leclerc and Kensinger,
2008). The arousal levels of stimuli were systematically manipu-
lated so that half of the words were high arousal and half were
low arousal within each of the three valence categories. This
allowed us to evaluate valence effects by controlling for the level
of arousal.
This study aimed to address three questions: (1) Does emo-
tional target information facilitate working memory? (2) Does
emotional distracter information hinder working memory? (3)
Do these effects change with age? Based on predictions derived
from the dual-competition model (Pessoa, 2008, 2009) and the
literature reviewed earlier, several hypotheses were proposed.
First, it was expected that emotional content would be facilitative
to working memory (i.e., faster and/or more accurate responses)
for goal-relevant target information and would reduce age dif-
ferences in working memory, in line with previous studies (e.g.,
Mikels et al., 2005; Mammarella et al., 2013a). In contrast, per-
formance would be disrupted (i.e., slower and/or less accurate
responses) by emotional distracters (e.g., Dolcos and McCarthy,
2006); we hypothesized that a detrimental effect due to emo-
tional content would be more evident in older adults. Older
adults’ limited ability to inhibit distracter information (e.g., Yang
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and Hasher, 2007) may result in increased demand for cogni-
tive resources to successfully resolve interference arising from
these distracters. However, based on the dual-competition model,
resources for interference resolution may be further limited when
they are prioritized to be diverted toward the processing of emo-
tional information (Pessoa, 2008, 2009). As such, we hypothesized
that disruptive effects of emotional distracters would be more
evident in older vs. younger adults. Finally, we also hypothe-
sized that older adults would show enhanced attention to positive
information, in line with findings of an age-related positivity bias
(Mather and Carstensen, 2005). Specifically, we expected that this
enhanced attention would result in facilitative effects of posi-
tive target information but also disruptive effects from positive
distracter information.
MATERIALS AND METHODS
PARTICIPANTS
Thirty-six healthy younger adults (ages 18–29, M = 19.69,
SD = 2.84; 3 males) and 36 healthy older adults (ages 65–87,
M = 73.25, SD = 6.37; 6 males) participated in this study.
Younger adults were recruited from the undergraduate partic-
ipant pool at Ryerson University. They received course credit
as compensation. Older adults were recruited from the Ryerson
Senior Participant Pool at Ryerson University and received $10
per hour for participation. Four older adults were replaced:
three for low accuracy in the working memory task (< 80%;
see Results) and one due to computer malfunctions. All partici-
pants were tested at the Cognitive Aging Laboratory of Ryerson
University and provided informed consent prior to commencing
the study. All procedures in the study were conducted according
to regulatory standards and were approved by the Research Ethics
Board at Ryerson University.
We excluded participants who: (a) learned English after the
age of 6; (b) scored less than 20 on the Shipley Institute of
Living Vocabulary (Shipley, 1940); (c) scored greater than 26 on
the Beck Anxiety Inventory (BAI; Beck et al., 1988), suggesting
severe anxiety symptoms; (d) scored greater than 29 on the Beck
Depression Inventory (BDI; Beck et al., 1996), suggesting severe
depressive symptoms; (e) had previous neurological disorders
(e.g., stroke, dementia, prolonged periods of unconsciousness,
and head injury); or (f) uncontrolled medical conditions (e.g.,
diabetes, cholesterol, and cardiovascular diseases). Older adults
were screened with the Short Blessed Test (SBT; Katzman et al.,
1983) for dementia-related cognitive impairments and all par-
ticipants in the final sample scored above the cut-off score of 6
(M = 0.78, SD = 1.35). All demographic and health information
were collected through a background information questionnaire.
There were age differences in several demographic and cognitive
measures (see Table 1). Older adults had more years of education
and also learned English at a younger age than did younger adults.
Older adults scored higher on the Shipley Institute of Vocabulary
Test and on the positive affect scale of the Positive and Negative
Affect Schedule (PANAS; Watson et al., 1988), but scored lower
on the BAI, the BDI, and the Digit-Symbol Substitution Task
(DSST; Wechsler, 1981) than did younger adults. These age dif-
ferences are typically found in research examining cognitive aging
and emotion (e.g., Isaacowitz et al., 2008).
Table 1 | Participant characteristics.
Measure Younger adults Older adults
M (SD) M (SD)
Years of education** 13.00 (1.74) 17.53 (4.11)
Age learned english* 1.13 (1.92) 0.14 (0.83)
Digit-Symbol Substitution Taska** 82.86 (15.37) 68.78 (14.97)
PANAS-positive affectb** 27.22 (7.91) 33.83 (6.40)
PANAS-negative affectb 15.19 (5.48) 13.61 (4.14)
Shipley vocabulary ** 27.50 (3.00) 37.36 (1.93)
Beck Anxiety Inventory** 12.67 (7.61) 6.19 (5.67)
Beck Depression Inventory** 10.83 (6.67) 5.06 (4.65)
Health ratingc 7.79 (1.13) 8.25 (1.27)
aDigit-Symbol scores were based on the number of correct solutions within a
2-min time limit;
bPANAS, the Positive and Negative Affect Schedule;
cHealth ratings were self-reported based on a 1 (“poor”) to 10 (“excellent”)
Likert-type scale;
*p < 0.01, **p < 0.001.
STIMULI
All stimuli for the delayed-response working memory task in
this experiment were programmed with E-prime 1.0 and pre-
sented on a 17 inch computer screen. The stimuli consisted of a
total of 329 words selected from the Affective Norms of English
Words (ANEW) database (Bradley and Lang, 1999). The ANEW
database contains normed ratings of arousal (1 for low arousal
to 9 for high arousal) and valence (1 for negative valence to
9 for positive valence). Of the 329 words selected, 240 words
were used for memoranda (targets or distracters), 20 for new
control words, 48 for buffer/filler trials, and 21 for practice
trials.
Memoranda
A total of 240 words were selected to be targets (N = 120)
and distracters (N = 120) and consisted of 48 positive words
(valence M = 7.44, range: 6.59–8.39), 48 negative words (valence
M = 2.86, range: 1.57–3.50), and 144 neutral words (valence
M = 4.98, range: 4.00–6.00). Half of the words for each valence
category were high in arousal (HA; arousal range: 4.51–7.45) and
the other half were low in arousal (LA; arousal range: 2.39–4.48),
resulting in a total of 6 word lists (one HA and one LA list for
each of the three valence categories). All valence categories in the
LA list were matched for arousal (ps > 0.10); positive and nega-
tive HA lists were matched for arousal (p = 0.90) and both were
higher in arousal than the neutral HA list (ps < 0.001). Each of
these six lists was then divided into two sets: one set that served
as targets and one set that served as distracters. These two sets
were matched on word frequency (M = 42.21; range 1–294) and
word length (i.e., the number of letters) (M = 6.26; range: 3–11)
(ps> 0.21).
Each trial consisted of a set of four memoranda: two tar-
get and two distracter words. The combination of words used
in each trial varied according to trial type: (1) positive tar-
gets paired with neutral distracters (posT/neuD); (2) negative
targets paired with neutral distracters (negT/neuD); (3) neutral
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targets paired with neutral distracters (neuT/neuD); (4) neutral
targets paired with positive distracters (neuT/posD); and (5) neu-
tral targets paired with negative distracters (neuT/negD). In each
trial, one target/distracter was HA and the other target/distracter
was LA. Within each trial, targets and distracters were roughly
matched on arousal, frequency, and word length. For example,
a neuT/negD trial consisted of one neutral HA target, one neu-
tral LA target, one negative HA distracter, and one negative LA
distracter. There were 12 trials for each trial type, resulting in a
total of 60 trials. The trials were presented in a pseudorandomized
order such that no more than three trials of the same trial type
occurred consecutively. The sequencing of memoranda within
a trial was also pseudorandomized: half of the trials combined
either two targets or two distracters in a row (e.g., distracter-
distracter-target-target) and the other half with intermixed targets
and distracters (e.g., distracter-target-distracter-target).
Probes
After a brief delay following presentation of the memoranda,
a probe word was presented. Probes belonged to one of
six categories: (1) HA targets; (2) LA targets; (3) HA dis-
tracters; (4) LA distracters; (5) HA new control probes; and
(6) LA new control probes. Target and distracter probes
were from the current trial’s memoranda set. New control
probes were one of 20 additional words: 4 positive words
(valence M = 7.41, range: 7.07–7.66), 4 negative words (valence
M = 2.80, range: 2.73–2.90), and 12 neutral words (valence
M = 5.08, range: 4.32–5.85), selected from ANEW (Bradley and
Lang, 1999); half of the words in each valence category were
HA (arousal M = 5.70, range: 4.66–6.41) and half were LA
(arousal M = 3.91, range: 3.18–4.29). The new control probes
matched those of the distracters on valence within a trial set
(e.g., a neuT/negD trial had a new control probe that was also
negative).
The six probe categories occurred equally often for each trial
type. The selection of probes (i.e., which target word served as
the target probe for a particular trial) was counterbalanced with
a Latin Square design, resulting in six counterbalance condi-
tions. In addition, the order within a memoranda set of targets
and distracter probes was also counterbalanced such that each
appeared equally often at each of the four possible positions
(e.g., a HA target cue appeared in the first to fourth position
equally).
PROCEDURE
Upon arrival at the laboratory, participants read and signed
an informed consent, and then completed the computerized
delayed-response working memory task. Participants were seated
centrally in front of the computer screen at a reading distance.
They were instructed to keep their eyes on the screen at all times
during the working memory task. The task instructions indicated
which words they should remember (i.e., targets) and which they
should ignore (i.e., distracters), as cued by either blue or red font
color, counterbalanced across participants. Each trial began with
a fixation cross presented for 500ms, followed by a memoranda
set. Each set contained two target and two distracter words, each
presented sequentially for 800ms with an inter-stimulus interval
of 200ms. After a 500ms delay, a probe word (in black font) was
presented for 2000ms. Participants were instructed to press a key
labeled “YES” (the “/” key) if the probe was a target word from
the current set. If the probe was a distracter or a new control
word, participants were instructed to press the “NO” key (the “Z”
key). Participants were instructed to respond as quickly and accu-
rately as possible. Following their responses, an accuracy feedback
screen (“Correct,” “Incorrect,” or “No response detected”) was
presented for 800ms (see Figure 1).
The working memory task consisted of a practice block (5
trials; approximately 35 s, with an option to be repeated if
needed) and an experimental block (72 trials: 60 experimental,
six buffer, and six filler trials; approximately 8.5min). Buffer tri-
als occurred at the beginning and end of the block to reduce
primacy and recency effects and filler trials were randomly inter-
mixed with experimental ones. All buffer and filler trials consisted
of target probes, requiring “yes” responses, in order to mini-
mize response bias by balancing the number of “yes” responses
with those of “no” responses to make them approximately the
same (i.e., 44% “yes” responses). In addition, no more than
three “yes” or “no” responses occurred in a row throughout
the task.
After the working memory task, participants completed the
DSST, a measure of perceptual-motor speed for 2min. They
then completed the PANAS, a self-reported assessment of positive
and negative affect. At the end, participants completed a vari-
ety of paper-and-pencil tests and questionnaires, including the
Shipley Institute of Vocabulary Test, the BAI, the BDI, and a back-
ground information questionnaire, to determine their eligibility.
Older adults then completed the SBT. Finally, participants were
FIGURE 1 | Working memory task procedure (a neuTnegD trial with a negative distracter probe). In this example trial, the participant correctly responded
“NO” to the distracter probe and received a feedback screen indicating that the response was correct.
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debriefed and paid or granted course credit. The total duration of
the experiment was approximately 1 h.
RESULTS
To examine differential emotional effects of goal-relevant tar-
get vs. goal-irrelevant distracting information, response times
(RTs) and accuracy in the working memory task were analyzed
with mixed analyses of variance (ANOVAs). These analyses were
conducted separately for target probe responses (reported as tar-
get identification, requiring “yes” responses) and responses to
distracter and control probes (reported as interference scores,
requiring “no” responses). Only RTs for correct responses were
included in the RT analyses. RTs were also trimmed by exclud-
ing those that were beyond 2.5 SDs away from the mean for each
participant in each condition, resulting in an exclusion of 6% of
data points. To ensure sufficient correct trials for meaningful RT
data in each condition, we replaced three individuals with overall
accuracy scores lower than 80% (M = 74.33, SD = 5.69, range:
68–79).
EFFECTS OF EMOTIONAL CONTENT ON TARGET IDENTIFICATION
To examine the effects of emotional content (i.e., arousal and
valence) on the identification of target probes, a 2 × 2 × 3 mixed
ANOVA with Age (younger, older) as a between-subjects vari-
able, Arousal (high, low) and Valence (positive, negative, neutral)
as within-subjects variables, was conducted on RTs and accuracy
to target probes that require “yes” responses. The data for three
younger and two older adults were excluded in the RT analysis
because of missing data points due to RT trimming or lack of
correct responses in a condition.
RT analysis
Figure 2 displays the results of the RT analysis. The mixed
ANOVA revealed amain effect of Age, F(1, 65) = 11.13, p = 0.001,
η2p = 0.15. Overall, younger adults (M = 739.59, SD = 154.08)
were faster than older adults (M = 875.70, SD = 178.61). The
main effect of Arousal was significant, F(1, 65) = 5.01, p = 0.03,
η2p = 0.07. This arousal effect was qualified by an Age by Arousal
interaction, F(1, 65) = 4.32, p = 0.04, η2p = 0.06. The arousal
effect was only significant for younger, t(32) = −2.85, p = 0.01,
but not for older adults (p = 0.90). The Arousal by Valence inter-
action was also significant, F(2, 130) = 6.64, p = 0.002, η2p = 0.09,
with faster RTs to high arousal than to low arousal for positive,
t(66) = −4.21, p < 0.001, but not for negative (p = 0.70) or neu-
tral target probes (p = 0.90). This benefit of arousal for positive
targets was found for both younger, t(32) = −2.54, p = 0.02, and
older, t(33) = −3.59, p = 0.001, adults. All other effects were not
significant (Fs< 1.30, ps> 0.28).
Accuracy analysis
The same mixed ANOVA on accuracy revealed a main effect of
Valence, F(2, 140) = 5.79, p = 0.004, η2p = 0.08, with lower accu-
racy for neutral (M = 0.92, SD = 0.16) than for both positive
(M = 0.97, SD = 0.08), t(71) = 2.82, p = 0.006, and nega-
tive words (M = 0.97, SD = 0.11), t(71) = 2.88, p = 0.005; the
latter two did not differ from each other, t(71) = −0.21, p =
0.84. This suggested a facilitative effect of emotional valence.
In addition, the main effect of Arousal was marginally signif-
icant, F(1, 70) = 3.15, p = 0.08, η2p = 0.04, with higher accu-
racy for high arousal targets (M = 0.97, SD = 0.09) than
for low arousal targets (M = 0.94, SD = 0.01), suggest-
ing a trend toward a facilitative effect of emotional arousal
(Figure 3). All other effects were not significant (Fs < 0.31,
ps> 0.73).
Overall, these findings indicated age-related slowing but pre-
served accuracy for target identification in working memory,
possibly due to age-related shifts toward prioritization of accu-
racy over speed (Salthouse, 1979). The results also revealed that
arousal facilitated the speed in identifying positive targets and
valence facilitated target identification accuracy. In summary,
emotional content (arousal or valence) facilitated target identi-
fication by making responses either faster or more accurate and
the effects were largely similar across the two age groups.
FIGURE 2 | Response times for correct target identification responses. Error bars represent standard errors. ∗p < 0.05; ∗∗p < 0.01.
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FIGURE 3 | Accuracy for target identification responses. Error bars
represent standard errors.
EFFECTS OF EMOTIONAL CONTENT ON INTERFERENCE OF
DISTRACTERS
Following some previous work (Yang and Hasher, 2007), inter-
ference was operationally defined as performance differences in
responding to distracter vs. matched control probes. This defini-
tion is based on the assumption that both distracter and control
probes require the same “no” response (i.e., correct rejection of
the probe as a target). The primary difference is that distracter
probes were presented earlier during encoding. If participants
successfully inhibited distracters, we would expect minimal inter-
ference at retrieval/probe responding; thus, performance would
be very similar to that for control probes (newly presented words).
However, if participants were not efficiently inhibiting or delet-
ing the distracter from working memory, these distracter probes
may result in false alarms (i.e., incorrectly identifying a distracter
as a target probe) or slower rejection responses, thus increasing
the performance difference between distracter and the matched
control probes.
For the RT analysis, interference was indexed with propor-
tional RT difference scores, calculated by subtracting the RTs to
control probes from RTs to the matched distracters (distracters—
controls), which was then divided by the RTs to control probes.
A similar calculation was applied to the accuracy data, by sub-
tracting the accuracy to distracter probes from that to matched
controls, and then divided by the accuracy to controls. Thus,
larger scores in both RT and accuracy indicated greater inter-
ference. These proportional interference scores controlled for
potential age-related differences in response times and accuracy.
These interference scores were analyzed with 2 × 2 × 3 mixed
ANOVAs with Age (younger, older) as a between-subjects vari-
able, and Arousal (high, low) and Valence (positive, negative,
neutral) as within-subjects variables. For the RT analysis only, the
data for one younger and four older adults were not included due
tomissing data points as a result of RT trimming or lack of correct
responses in a condition.
RT analysis
The mixed ANOVA revealed a marginal main effect of Valence,
F(2, 130) = 2.62, p = 0.08, η2p = 0.04. Follow-up paired t-tests
indicated slightly less interference for negative (M = 0.10,
SD = 0.17) vs. neutral (M = 0.16, SD = 0.17) probes,
t(66) = −1.79, p = 0.08. All other effects were not significant
FIGURE 4 | Response time interference scores. Error bars represent
standard errors.
(Fs < 2.24, ps > 0.14). The RT interference scores across valence
are displayed in Figure 4.
Accuracy analysis
Figure 5 displays the results of the accuracy analysis. The ANOVA
revealed an Age by Valence interaction, F(2, 140) = 3.89, p = 0.02,
η2p = 0.05. There was a trend toward a main effect of Valence
for older, F(2, 70) = 2.49, p = 0.09, but not for younger adults,
F(1.63, 57.10) = 0.83, p = 0.42 (Greenhouse-Geisser correction).
Guided by our hypotheses, we conducted planned compar-
isons. The results revealed that older adults experienced greater
interference from negative (M = 0.12, SD = 0.16) than neu-
tral (M = 0.02, SD = 0.23), t(35) = 2.25,p = 0.03, and positive
probes (M = 0.03, SD = 0.23), t(35) = −1.87, p = 0.07; the lat-
ter two did not differ, p = 0.89. Follow-up independent samples
t-tests for each valence also indicated age differences for nega-
tive probes only: older adults (M = 0.12, SD = 0.16) experienced
greater interference from negative distracters than younger adults
(M = 0.02, SD = 0.12), t(64.49) = −2.98, p = 0.004. As a matter
of fact, older adults experienced significant interference from neg-
ative probes, t(35) = 4.42, p < 0.001, whereas younger adults did
not, t(35) = 0.96, p = 0.35. This age difference was not present
for positive or neutral interference scores, ts> 0.44, ps> 0.56. All
other effects were not significant (Fs< 1.06, ps> 0.35).
DISCUSSION
To our knowledge, this is the first study to examine how the
effects of emotional content on working memory vary accord-
ing to goal relevancy and age. Consistent with our hypotheses,
the overall results suggest that working memory is facilitated
(i.e., faster and more accurate responses) by the emotional
content of goal-relevant target information. In addition, work-
ing memory can be disrupted (i.e., larger interference) by the
emotional content of goal-irrelevant distraction. However, this
disruptive effect appears to be limited to negatively-valenced
stimuli and occurs only for older adults. These results add
novel contributions to our understanding of facilitative and dis-
ruptive emotional effects on working memory by manipulat-
ing and distinguishing between goal-relevant and goal-irrelevant
information.
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FIGURE 5 | Accuracy interference scores. Error bars represent standard
errors. ∗∗p < 0.01.
EMOTIONAL TARGET INFORMATION FACILITATES WORKING MEMORY
The dual-competition model (DCM; Pessoa, 2008, 2009) posits
that emotional information receives prioritized processing, which
can be beneficial when the information is relevant to current
goals. Our study found support for this prediction as responses
were faster or more accurate to emotional/high arousing rela-
tive to neutral/low arousing goal-relevant target words. These
results are consistent with studies that have found facilitative
effects of emotion on working memory (Mammarella et al.,
2013a). However, the facilitative effect of arousal only occurred
for response speed, and was significant only for positive, but not
for negative, target words. This appears to conflict with predic-
tions from the DCM of enhanced processing for high arousal
negative information (e.g., threat-relevant stimuli). We advise
caution when interpreting this result, as performance was close
to ceiling for negative targets, which may have limited our ability
to find differences in performance between low and high arousal
negative words. However, the findings of faster responses to pos-
itive high arousal targets are consistent with another study in
which high arousal positive targets were detected faster amidst
an array of neutral distracters (Leclerc and Kensinger, 2008).
Taken together, it appears that high arousal positive goal-relevant
stimuli can receive prioritized processing in competition against
neutral distracters in the current paradigm.
In addition, the results indicated higher accuracy for emo-
tional vs. neutral target word identification for both younger
and older adults. There was also a pattern toward more accurate
responses for high vs. low arousal words. These results are con-
sistent with our hypotheses and other findings of attenuation of
age differences when emotional materials are used (e.g., Mikels
et al., 2005; Borg et al., 2011; Mammarella et al., 2013a). However,
we found less evidence of a specific advantage for positive goal-
relevant information in older adults, which we hypothesized
based on literature pertaining to the positivity effect. Instead,
our overall results indicated that emotional content in general,
regardless of valence, appears to help younger and older adults
to a similar extent. Together, these results may suggest that older
adults are still capable of allocating resources to prioritize process-
ing of emotional items, and thus show no impairment on working
memory accuracy for target information.
NEGATIVE DISTRACTER INFORMATION DISRUPTS WORKING MEMORY
IN OLDER ADULTS
In contrast to the facilitative effects of emotion on working mem-
ory, there was some evidence supporting our hypothesis that
emotional goal-irrelevant information can disrupt performance.
Negative distracter stimuli caused greater interference in work-
ing memory, resulting in lower accuracy performance, but this
was found for older adults only; no such effect occurred for
younger adults. This finding converges, to some degree, with a
large body of literature that suggests a shift toward a positiv-
ity bias in older adults vs. a negativity bias in younger adults
(Reed and Carstensen, 2012). Although we hypothesized that
older adults’ enhanced attention to positive distracters would be
detrimental to their working memory performance, our results
suggested poorer performance due to negative distracters. Older
adults were also less successful at resolving interference from neg-
ative distracters compared to younger adults. Poorer interference
resolution involving negative distracters in older adults relative
to younger adults is in line with research suggesting that younger
and older adults differ in how negative information is processed,
with greater attention toward negative information in younger
adults and avoidance of negative information in older adults
(Mather and Carstensen, 2003; Isaacowitz et al., 2006). A spec-
ulative interpretation of these findings may be derived based on
the dual-competition model (DCM; Pessoa, 2008, 2009). DCM
posits that task-irrelevant emotional stimuli can impair executive
control by consuming resources needed for conflict resolution.
If older adults have an “anti-negativity” bias, defined as avoid-
ance of negative, relative to younger adults (e.g., Isaacowitz et al.,
2006; Knight et al., 2007) or have particular difficulties process-
ing cognitively-demanding negative information (Labouvie-Vief
et al., 2010), it is possible that they did not devote sufficient
resources to successfully encode negative words as distracters.
This would result in a weaker representation of the negative word
as a distracter item.When they encountered these words as probes
during retrieval, resources may have been reallocated to prioritize
the processing of these weak representations of negative infor-
mation, at the expense of interference resolution. Thus, older
adults’ poorer performance with negative interference may be due
to a “double-edged sword” of negative goal-irrelevant informa-
tion, caused by both anti-negativity biases during encoding and
competition between emotional information and executive con-
trol for limited resources at retrieval. In contrast, younger adults
may have more resources to spare and appear to be more success-
ful in processing negative content while simultaneously engaging
in interference resolution. This is demonstrated in our study and
others (Levens and Phelps, 2008) as an absence or reduction of
interference arising from negative probes for younger adults.
Alternatively, disrupted performance from negative interfer-
ence in older adults could also be explained as heightened atten-
tion to negative information in older adults. A negativity bias
in older adults has been observed when cognitive resources are
limited, often manipulated through divided or dual attention
paradigms (Mather and Knight, 2005; Knight et al., 2007). Thus,
it is possible that the working memory paradigm used in the cur-
rent study sufficiently reduced or divided cognitive resources in
older adults by requiring interference resolution, which resulted
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in greater attention toward negative information. This enhanced
processing of negative information may have distracted older
adults to a greater extent relative to positive and neutral infor-
mation, resulting in increased false alarms to negative distracter
probes.
FUTURE OUTLOOK
Taken together, the results from this study provide evidence
suggesting that the differential effects of emotion on working
memory may vary by arousal, valence, age, and goal relevancy.
However, there were several limitations of the current study.
First, the irrelevant information in the working memory task
(i.e., distracter words) was arbitrarily and externally assigned by
experimenters. Thus, this paradigm does not inform us about the
interference resolution of internally generated distractions, such
as in proactive interference paradigms or when there is a mis-
match between task goals and emotion regulation goals. Future
research could address this question by modifying the paradigm
to include internally generated distracter items to measure the
impact of these items on working memory. Furthermore, it
could also manipulate the match/mismatch of task vs. emotional
goals by implementing task instructions that explicitly direct
participants to engage in emotional processing, which contrasts
with the more perceptually-based processing used in the current
paradigm (i.e., cuing of target vs. distracter via different colored
fonts).
The second limitation is our sample. The older sample has
a larger age range (i.e., 22 years) than the younger sample (i.e.,
11 years). This wider range in older adults may have introduced
larger performance variability (e.g., Hultsch et al., 2002). We
assume that any variability in the older adult group may also
be reflective of aging more generally, as studies typically find
that both inter- and intra-individual variability increases with
age (e.g., Nelson and Dannefer, 1992; Shammi et al., 1998). As
this study was a preliminary examination of emotion on working
memory and aging, to better encompass any changes that may
occur in later life, we followed a common approach in cogni-
tive aging literature and did not set an upper age limit for the
older group. Additionally, the low percentage of male participants
(13% of the total sample) was another limitation of this sample.
In consideration of research on gender differences in emotion reg-
ulation and processing (e.g., Gur and Gur, 2002; McRae et al.,
2008), our findings may not be representative of emotion process-
ing inmales. As such, future studies should aim formore balanced
numbers of female and male participants.
Finally, although we expected relatively high accuracy on this
task based on results from other studies (e.g., Gazzaley et al.,
2005), we also expected to find some evidence of age-related
working memory declines. Aside from slower target identifica-
tion, which could be attributed to age-related prioritization of
accuracy over speed, there were no main effects of age. The lack
of age differences suggests that this paradigm may not exert high
demands on working memory. This may have limited our ability
to find facilitative or disruptive effects of emotion. However, the
lack of age differences may also suggest that the emotional nature
of the task may have helped attenuate overall age-related work-
ing memory declines, as has been found in other studies (e.g.,
Mikels et al., 2005). To examine this, future studies could use a
working memory paradigm that is more taxing and thus more
sensitive at detecting age differences. Future research could also
build on the results of this study by examining the neural mecha-
nisms that contribute to the facilitative and disruptive effects of
emotion in the aging brain. Such work could be informed by
research on younger adults (Dolcos et al., 2011) that have iden-
tified multiple neural connections between areas implicated in
emotion processing (e.g., ventral affective system) and cognitive
control (e.g., dorsal executive system).
Overall, this study provided novel evidence in support of
recent frameworks that specify the competitive advantage of emo-
tional over non-emotional information (particularly for older
adults; Carstensen et al., 1999) and the role of goal relevancy
(Pessoa, 2008, 2009). It contributed to the sparse, but growing,
literature on the important interactions between emotion and
cognitive control in older adults (e.g., Pessoa, 2008; Dolcos et al.,
2011). Such work helps identify situations in which older adults’
preserved emotional processing could be a helpful “friend” vs.
hindering “foe” to their declines in cognitive control.
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